Over the last decade, redundant entry of data in electronic medical records (EMR) for health care and electronic data capture (EDC) systems for research has been the typical medical research methodology. The corresponding data transcription this methodology requires not only increases the burden for clinician investigators and clinical research coordinators (CRCs), but it also decreases the quality of data. We designed and developed a new standards-based and platform-independent system to use data in the EMR to directly populate clinical data management systems in the EDC to eliminate the need for data transcription, streamline the clinical research process, and reduce clinician burden. Standardized structured medical information eXchange2 (SS-MIX2) was implemented along with the Integrating the Healthcare Enterprise (IHE) Retrieve Form for Data Capture (RFD) Integration Profile. Standards from Clinical Data Interchange Standards Consortium (CDISC) were used to define metadata for research data collection forms and as a means to standardize data exchange semantics. These standards and the associated methodology were applied to observational research in patients with diabetes mellitus. The system we developed complies with global requirements for regulated research. It provides a standard-based and platform-independent method that can serve to accelerate the cycle of a learning health system. Reuse of clinical data directly from EMR for clinical research has already been done in many universities and organizations, 1 but is still limited to specific EMR/EDC systems combinations. Typically, when changes are necessary in the data items to be collected or in the
eXchange2 (SS-MIX2) was implemented along with the Integrating the Healthcare
Enterprise (IHE) Retrieve Form for Data Capture (RFD) Integration Profile. Standards from Clinical Data Interchange Standards Consortium (CDISC) were used to define metadata for research data collection forms and as a means to standardize data exchange semantics. These standards and the associated methodology were applied to observational research in patients with diabetes mellitus. The system we developed complies with global requirements for regulated research. It provides a standard-based and platform-independent method that can serve to accelerate the cycle of a learning health system. Reuse of clinical data directly from EMR for clinical research has already been done in many universities and organizations, 1 but is still systems design, the burden falls on the EMR vendors to make the changes because the EDC entry form is usually incorporated as a function of EMR system. These methods are not practical for regulated research on investigational new drugs because the entry form is built into the EMR system. It is impossible to validate the total system to make it compliant with applicable regulatory requirements and regulations, including 21 CFR Part 11.
To address these barriers, we have designed a system to simultaneously use EMR and EDC without "building in" the EDC form yet enabling auto-population of this form from EMR data without transcription. This can be done by using the Integrating the Healthcare Enterprise (IHE) Integration Profile, Retrieve Form for Data Capture (RFD). 2 This is a global standard that enables data collection from EMR with seamless data transfer to EDC systems. Separating the entry form from EMR systems by using RFD makes it possible to conduct computerized system validation (CSV) that is required in 21 CFR Part 11. Vendor neutral and platform-independent EMR/EDC systems paired with international standards have been highly recommended to resolve the current barriers to streamlining global research and formed the basis for this project.
Standardized structured medical information eXchange2 (SS-MIX2) Standardized Storage and SS-MIX2 Annex Storage were used as the export data from EMR ( Figure 1 ). In this study, we designed and developed a new system to use data in EMR for data within the clinical data management system (CDMS) in an EDC system by using SS-MIX2 Standardized Storage, Annex Storage using IHE RFD Profile. We also used Clinical Data
Interchange Standards Consortium (CDISC) Standards to define metadata used for entry forms and to standardize data exchange, [8] [9] [10] Specifically, we designed this system for observational clinical research on patients with type 2 diabetes mellitus. We adopted metadata from the Diabetes Therapeutic Area User Guide v1.0, which CDISC developed through the Coalition For Accelerating Standards and Therapies (CFAST) as a Therapeutic Area (TA) Standard in 2014.
We also collected cardiovascular events defined in the CDISC Cardiovascular Studies Therapeutic Area User Guide v1.0.
We converted data collected from the EMR "Stamp" and SS-MIX2 and improve the quality of data collected (reused from EMR) for research for the purpose of accelerating a learning health system cycle.
| METHODS
A diagram of the total system developed for this observational clinical research study of patients with type 2 diabetes mellitus (UMIN-CTR Number: UMIN000031987) is shown in Figure 3 . To minimize duplicate entries by investigators, EMR data were used simultaneously for medical chart completion and for investigational purposes such as case card contents. The data collected via the EMR "Stamp" was sent and stored in SS-MIX2 Annex Storage and was stored in EMR concurrently after data entry; confirmation of the data was done by investigators. The TRI System was specified to receive the data stored in SS-MIX2 Annex Storage via the router.
Thus, the TRI System acted as the EDC in this case. them to "Form Receiver" and "Form Archiver") was set up in the central TRI Network in the hospital. These two networks were connected and separated by a router. "Form Manager" (which sent forms to "Form Filler" and "Form Receiver") was set up in the TRI Data Center.
SS-MIX2 Standardized
We were able to exclude the EMR from the scope of computerized system validation (CSV) required by the regulation, 21 CFR Part 11, by using IHE RFD Integration Profile and by making Form Archiver the eSource. The scope of the CSV is shown in Figure 3 as the area defined by the yellow dotted line.
| RESULTS
The principal theme of the system developed in this study is to use data in the EMR directly for research (EDC) to decrease duplication of data input by investigators and to increase the quality of data by eliminating the need for transcription. We used CDISC standards and the IHE RFD Integration Profile and adhered to the CSV requirements in compliance with regulations, specifically 21 CFR Part 11.
Thus, the system developed in the present study could be used for studies to be included in submissions to regulatory authorities. We used the SS-MIX2 Standardized Storage and Annex Storage, which are standard specifications acknowledged by MHLW and popularly used for exporting data from EMR in Japan.
In this study, we specifically used a newly developed system for an observational clinical research study of adult patients with type 2 diabetes mellitus to prove the feasibility. Patient data stored in the EMR were collected by the use of EMR "Stamp," SS-MIX2 Standardized Storage, and Annex Storage. We used the Diabetes Therapeutic Area User Guide v1.0 as a reference to define clinical elements to be collected for this study.
EMR "Stamps" as described in the previous section were developed and implemented in Hamamatsu University Hospital. It was confirmed that the required clinical information could be entered and provided in the format of a research electronic case report form (eCRF) via the EMR without reentry. EMR "Stamp" was able to store not only clinical information but also data for clinical research in EMR along with the audit trail to ensure data provenance using the SS-MIX2 Annex Storage. Provenance (ie, an audit trail) is required in order to adhere to 21CFR11.
In this study, we were able to use EMR "Stamps" when investigators entered data for clinical research in EMR. At the initial registry of a patient, the investigator performed eligibility evaluation based on FIGURE 7 Electronic medical record (EMR) "Stamp" for side effects experienced by patients with type 2 diabetes mellitus on the EMR; this is used only when a side effect occurs the description in the research protocol, and informed consent was obtained from the patient evaluated to be eligible. The TRI System registered the patient, and a patient identification number for the study was issued when the informed consent was agreed. This was done to pseudonymize the data for research purposes since patient identifiers are not brought into the EDC database. Investigators completed data entry when the patient visited Hamamatsu University Hospital for a clinical session. Storage, and the TRI System was able to receive these data.
FIGURE 8
Excel sheet of the time series data collected by electronic medical record (EMR) "Stamp" for "Minimum Data Set" of a specific patient with type 2 diabetes mellitus on EMR. An investigator is able to see this excel sheet anytime in the EMR for the clinical practice The forms in Figures 10, 11 , and 12 were used only for data confirmation. If an investigator found incorrect data and made a decision that revision of data was necessary, the investigator had the capability within this system to revise the data by using EMR "Stamp" and/or enter order(s) again to export prescription orders and laboratory examination results to SS-MIX2 Standardized Storage.
Once an investigator confirmed the accuracy of the collected data through the confirmation forms in Figures 10, 11 , and 12, the data were converted to CDISC ODM format. Their zip file was created, and its HASH value was calculated by HASH function of JAVA using the Secure Hash Algorithm (SHA)-256 developed by the National Security Agency (NSA). The HASH value of the zip file was displayed on the screen of the TRI System. The zip file was stored in "Form
Archiver" and sent to eCB in the TRI Data Center electronically after confirmation by the investigators. We confirmed that the zip file was sent successfully from TRI System in the hospital to eCB in the TRI Data Center. The HASH value of the zip file, which eCB received, was calculated by the same HASH function used in the TRI System and shown on the screen of eCB. We confirmed that the HASH values shown on the screens of TRI System in the hospital and eCB in TRI Data Center were identical. This showed that data in TRI System and eCB were the same and simplified the source data verification (SDV)
by confirming the HASH values shown in TRI System and eCB.
This process, which was vendor neutral and platformindependent, enabled Form Archiver to keep the audit trails since all revisions of data by the investigator were stored in Form Archiver.
| DISCUSSION
Collection of clinical data from the EMR for reuse in clinical research is one of the key capabilities that will enable learning health systems. 12 We developed a vendor neutral, standards-based, and platformindependent system that meets regulatory requirements and enables seamless data transfer from EMR to EDC systems. Our system was developed specifically for use in observational research of patients with type 2 diabetes mellitus; however, it is readily applicable to other areas of research by designing EMR "Stamps" based upon the research data required for those therapeutic areas. In this project, forms were designed to be populated with minimum data points from EMR systems We hope that the implementation of SS-MIX2 Standardized
Storage and Annex Storage in hospitals will become more popular, not only in Japan but also globally, in the US, Europe, and Asia.
Harmonization of storage standards for EMR data and global use of the standards-based system as described in this report is feasible and could accelerate learning health systems.
| CONCLUSION
We developed a vendor neutral, standards-based, and platformindependent EMR-EDC system for use in an observational study on 
